Background: The aim of this study was to perform a literature-based meta-analysis to assess the efficacy of the novel immune checkpoint inhibitors (ICIs) in first-line metastatic renal cell carcinoma (RCC), focusing on the predictive role of PD-L1 expression. Methods: The primary outcome was overall survival, and secondary outcomes were progression-free survival (PFS) and objective response. We planned a subgroup analysis for overall survival according to PD-L1 status. Results: Five studies were included in the analysis for a total of 4063 cases. Overall survival was greater in PD-L1 positive tumours (HR = 0.49, 95% CI: 0.36-0.67; p < 0.001). The pooled analysis of the unselected cases showed a statistically significative improvement in PFS with the use of ICIs (HR = 0.85, 95% CI: 0.72-0.99; p = 0.04) and we found a greater PFS benefit (HR = 0.65, 95% CI: 0.57-0.74; p < 0.001) in patients with PD-L1 positive tumours. Conclusions: This study supports the efficacy of ICIs and, although a significant clinical benefit has been reported in PD-L1 negative patients, a greater efficacy of ICIs was observed in PD-L1 positive patients. More prospective randomized studies are needed to clarify the role of PDL-1 status in metastatic RCC treated with ICIs.
Introduction
Renal cell carcinoma (RCC) is the 6th most common malignancy among men and the 10th among women. 1 About one in four patients with RCC present with metastatic disease at diagnosis. 2 Although vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors were considered the standard first-line treatment for metastatic RCC, 3 immune checkpoint inhibitors (ICIs) have recently been added to the therapeutic armamentarium of metastatic RCC on the basis of the CheckMate 025 trial results, 4 which demonstrated a survival advantage of the antiprogrammed death-1 (PD-1) antibody nivolumab compared with everolimus.
The use of immunotherapy in RCC is not a novelty, as the disease was historically managed with cytokine therapies (interleukin-2 and interferonalfa). After the good results demonstrated in second-line treatment, ICIs were investigated also in the first-line setting. In 2018, CheckMate 214 showed an overall survival (OS) benefit for firstline nivolumab plus ipilimumab in comparison with sunitinib. 5 In addition, atezolizumab in combination with bevacizumab also demonstrated higher efficacy when compared with sunitinib in first-line metastatic RCC. 6, 7 Finally, two very recent phase III studies investigated the combination of an ICI with axitinib, a highly selective VEGFR inhibitor, in comparison with sunitinib. 8, 9 The JAVELIN Renal101 study compared avelumab (an anti-PD-L1 antibody) plus axitinib to sunitinib, while KEYNOTE-426 investigated the combination of pembrolizumab (an anti-PD-1 monoclonal antibody) plus axitinib. The aim of this work was to analyse all available clinical data from randomized clinical trials (RCTs), evaluating the impact of ICIs on the outcomes of patients with metastatic RCC, with a main focus on PD-L1 status.
Materials and methods

Data retrieval strategies
We conducted a meta-analysis of RCTs in accordance with the preferred reporting items for systematic reviews guidelines (PRISMA). The databases of PubMed, Embase, ASCO meeting library and Web of Sciences (WOS) were searched for relevant publications using the following search strategy (Supplementary File 1). Publications available in these databases up to 1 February 2019 were analysed. The search criteria were limited to phase II or III studies. The computer search was supplemented with a manual search of the primary studies referenced in all the retrieved review articles.
Inclusion criteria
The studies were screened independently by two authors. Decisions regarding contentious studies were made in consultation with a third author. The studies were identified according to the following inclusion criteria: participants with first line metastatic renal cell carcinoma; a novel immune checkpoint inhibitor alone or in combination treatment as the experimental drug; the presence of a control arm for comparison (sunitinib); a primary outcome of OS and secondary outcomes of progression-free survival (PFS) expressed as hazard ratio (HR), objective response (partial + complete response) expressed as the number of patients over the total who experienced a tumour response. The following exclusion criteria were used: insufficient data were available to estimate the outcomes; animal studies; the size of each arm was fewer than 10 participants; nonrandomized studies; studies in second or further lines of treatment for metastatic renal cell carcinoma.
Data extraction
Two authors independently extracted the relevant data, including name of the trial, first author, publication year, patient characteristics, median treatment duration, study design, survival outcomes expressed as HRs for OS and PFS, number of patients over the total who experienced a response or disease control and toxicity outcomes expressed as the number of patients over the total who experienced a grade 3-4 adverse event. For each trial, the ICI was the experimental arm and sunitinib the control.
Quality assessment
Study quality was assessed using the Jadad 5-item scale, considering randomization, double blinding and withdrawals. The final score ranged from 0 to 5. 10 In the event of disagreements, the consensus was achieved in discussion with the corresponding author (GR). The protocol for this systematic review was registered on the PROSPERO International prospective register of systematic reviews (CRD42019125277) and is available in full on the website at http://www. crd.york.ac.uk/PROSPERO.
Statistical analysis
Statistical analysis was performed with Revman 5.3. The summary estimates were generated using a fixed-effect (Mantel-Haenszel method) or a random-effect (DerSimonian-Laird method) model, 11, 12 depending on the absence or presence of heterogeneity. Statistical heterogeneity was assessed with the Q-test and the I 2 statistic. An I 2 value of 25%, 50% and 75% was considered to indicate low, moderate and high heterogeneity, respectively. 13 When p > 0.1 and I 2 < 50%, the fixed-effects model was used; otherwise, the random-effects model was used. Time-to-event variables, including OS, PFS, HRs with 95% confidence intervals (CIs) were calculated for each study. For the dichotomous variables, risk ratios (RRs) with 95% CIs were calculated for each study. A value of p < 0.05 was regarded as statistically significant, and all tests were twosided. We planned a subgroup analysis for OS according to PD-L1 status, age (with a cut-off of 65 years), sex, previous nephrectomy, Eastern Cooperative Oncology Group (ECOG) performance status (1 versus 0), intermediate-and poor-risk patients (IMDC) prognostic risk. Unfortunately, we were able to perform only the PD-L1 status analysis because we had insufficient data for the analysis of the other subgroups.
Results
Literature review and characteristics of the studies
The search yielded 1554 potentially relevant articles, of which 1103 were excluded as duplicates.
After viewing the titles and abstracts of the 451 remaining studies, the full text of 47 studies was retrieved and 5 studies [5] [6] [7] [8] [9] were ultimately included in the analysis ( Figure 1A ). The characteristics of the studies are summarized in Table 1 . A total of 4063 cases were included; among these, 2082 cases were in the experimental group and 1981 cases in the control group. All studies, with the exception of one, 6 were phase III studies. Sunitinib was the control arm in all studies. The median Jadad score was 5, showing a good quality of the included studies (Table 1 ). Owing to the small number of trials that were included, no publication bias was estimated. Tables 2 and 3 . Among the total 4063 cases, 1797 (44.2%) were positive for PD-L1 expression (895 in the experimental arm and 902 in control arm). The pooled analysis in unselected cases showed improved OS in the experimental arm (HR = 0.65, 95% CI: 0.54-0.79; p < 0.001, Figure 1A ). The analysis was performed using a fixed-effects model (I 2 = 23%). However, this analysis involved three studies only. 5, 8, 9 When we explored the OS in PD-L1 positive tumours, we found an even greater OS improvement in the experimental arm (HR = 0.49, 95% CI: 0.36-0.67; p < 0.001; I 2 = 0 Figure 1B) . Unfortunately, this analysis was performed using only two of the five studies. 5, 9 When we looked at PFS, the pooled analysis of the unselected cases showed a statistically significative improvement in PFS with the use of ICIs (HR = 0.85, 95% CI: 0.72-0.99; p = 0.04, Figure  2A ). The analysis was performed using a random-effects model (I 2 = 64%). As was the case for OS, we found a greater PFS benefit (HR = 0.65, 95% CI: 0.57-0.74; p < 0.001; I 2 = 34%, Figure 2B ) in patients with PD-L1 positive tumours. Lastly, the objective response was investigated in all studies: a total of 923/2082 (44.3%) patients in the experimental arm and of 623/1981 (31.4%) patients in the control arm showed an objective tumour response. Using the Mantel-Haenszel method, the pooled RR was 1.33 (95% CI 1.06-1.67; p = 0.01; I 2 = 85%, random effect model; Figure 3A ). Among PD-L1 positive tumours, a total of 321/652 (49.2%) patients in the experimental arm and 176/642 (27.4%) patients in the control arm showed an objective tumour response. Stratification according to PD-L1 expression showed that ICIs significantly improved objective response rate in PDL-1 positive tumours (RR = 1.74 95% CI: 1.21-2.49; p = 0.003, I 2 = 80%, random effect model; Figure 3B ).
Discussion
Immune checkpoint inhibitors have revolutionized the treatment of several tumours. 14 These inhibitors were also evaluated in first-line patients with metastatic RCC. The present literaturebased meta-analysis of five RCTs involving a total of 4063 patients indicates that the use of ICIs in unselected patients with metastatic RCC results in a statistically significant improvement in OS, PFS and objective response over sunitinib, confirming the clinical efficacy of immunotherapy in first-line treatment of metastatic RCC. In addition, after stratification according to PD-L1 expression, we observed that the efficacy of ICIs was greater in patients with PD-L1 positive tumours (Figures 1-3) .
Poor prognosis is reported in patients with PD-L1 overexpression. 15 In particular, the prognostic significance of PD-L1 expression in RCC is well established: in fact, PD-L1 positivity was associated with a more aggressive disease in terms of TNM stage, tumour size and outcomes in several studies. [16] [17] [18] Although PD-L1 positivity has been investigated in several tumour types for its prognostic function, the role of PD-L1 expression as a predictive marker of response to therapy in patients treated with ICIs is still not well defined.
In 2016, a meta-analysis involving about 6000 patients with different cancers, including RCC, enrolled in 20 trials, did not show any significant difference in response to treatment in patients with RCC stratified according to PD-L1 status. 19 In the Checkmate 025 study, nivolumab was compared with everolimus in second line treatment: however, the activity and efficacy of nivolumab was not influenced by PD-L1 expression. 4 Conversely, in the Checkmate 214 study, OS benefit was observed in patients treated with nivolumab plus ipilimumab across PD-L1 expression levels among intermediate-and poor-risk patients. 5 In line with these data, a phase Ib trial investigating the combination of axitinib and avelumab in metastatic RCC, showed a higher percentage of objective responses in patients with PD-L1 expression of at least 1%. 20 Intra-tumour heterogeneity of PD-L1 expression data may explain these discrepancies. PD-L1 is mainly investigated in primary nephrectomy specimens. However, about 20% of patients with metastatic RCC show a discordance in tumour PD-L1 staining between primary tumours and corresponding metastases. 21 Conversely, a higher concordance has been found when only metastatic samples from the same patients were investigated for the presence of PD-L1 expression. 21 PFS was the only end point investigated in all 5 studies included in the meta-analysis. We found a high heterogeneity (I 2 = 63%), which could be explained by differences in the definition of experimental arm (Tables 1 and 3 ). In fact, although sunitinib is the control arm in all studies, in the checkmate 214 study, the experimental arm was the combination of nivolumab and ipilimumab; in the Immotion 150 study, one of two experimental arms was atezolizumab in monotherapy. In the remaining studies, the experimental arm was a combination of ICI with an antiangiogenetic agent. To try reducing this heterogeneity, we performed a subgroup analysis including all the studies which have an ICI combination with anti-angiogenic agent in the experimental arm. Data on this analysis are reported in Table 4 . Interestingly, the HR of PFS was equal in the analysis of all studies and in the subgroup analysis when we evaluated PD-L1 positive patients.
This study has several limitations. First, the study was a literature-based rather than patientbased meta-analysis. Second, only a few studies were included in the meta-analysis. There were also differences in the type of experimental arms among the studies, with ICIs alone or in combination with anti-angiogenic agents or with other ICIs. Heterogeneous disease characteristics and treatments could impact on outcome measures; moreover, we did not perform an adverse events analysis. In addition, it should be mentioned that PD-L1 testing itself still has several limitations, such as intra-tumour heterogeneity, the effect of PD-L1 expression on immune cells versus tumour cells, assay procedures and interpretation variability. Finally, data from the Checkmate 214 trial derived from a subgroup of IMDC patients.
Treatment of metastatic RCC is an evolving scenario. Immunotherapy has changed the treatment paradigm of several cancers, including RCC. Although a significant clinical benefit has been reported in PD-L1-negative patients, a greater efficacy of ICIs has been observed in PD-L1positive patients, underlying the need for better selection of patients in clinical trials and the identification of other predictive biomarkers that would help the selection of optimal candidates for ICIs. More prospective randomized studies are needed to clarify the role of PDL-1 status in metastatic RCC treated with ICIs. 
